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The urinary detrusor muscle is chiefly 
composed of smooth muscle and collagen 
fiber, with a fraction of elastin fiber. In 
the normal bladder, the collagen consists 
of approximately 27% dried fat-free de-
trusor muscle in humans)) and 17.3% in 
dogs2). The administration of a sclerosing 
agent into the detrusor muscle causes 
bladder fibrosis, which can hardly be de-
tected by the conventional histological 
staining methods2). Overdistension of the 
bladder also induces interstitial fibrosis and 
thickening of the protoplasmic membrane3). 
Bladder fibrosis and disrupted protoplasmic 
connection will make a barrier to propaga-
tion of depolarization into adjacent cells; 
a failure of the syncytial contraction of 
detrusor muscle4). Bladder fibrosis also 
disturbs the physical property of detrusor 
muscle, that is, the viscoelasticity is 
elevated and the bladder becomes stiffer 
and smaller5). It is consequently obvious 
that the collagen content is of prime factor 
which influences the bladder function. 
It is a usual finding that a bladder wall 
in chronic diseases becomes very thick and 
trabeculated. This is frequently accom-
panied with VUR which requires the plastic 
operation in some cases. Few articles deal 
with the quantitative study of thickened 
bladder tissue under these circumstances. 
The aim of present study is to evaluate 
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through the experimentally formed bladder 
model (i) the amount of collagen in the 
dried fat-free detrusor muscle quantitative-
lyand (ii) the ratio of wet bladder weight 
to body weight. 
MATERIALS AND METHODS 
Mongrel dogs of 15 to 25 kg were used 
for the present investigation. 
(1) Three experimental models. 
The amount of collagen in the dried fat-
free bladder specimen was studied in 20 
normal dogs (7 females and 13 males). 
The following 3 pathologic groups were 
prepared in 20 female dogs. (i) In 8 female 
dogs, neurogenic bladder dysfunction (NB 
group) was made, i. e. bilateral sacral 
rhizotomy, Sl to S3, of both anterior and 
posterior roots in 7 dogs and bilateral pel-
vic nerves were severed close to uretero-
vesical junction in 1 dog. The average 
duration was 12.8 weeks. (ii) A sclerosis 
of the bladder muscle2) was formed in 5 
females by injecting 10 to 35 ml (Mean= 
23 ml) of 3% sodium tetradecyl sulfate 
(Elkins-Sinn Inc.) (STS group). Through 
an abdominal incision, this agent was in-
filtrated to all over the bladder muscle 
layer from neck to vertex with a No. 25G 
needle. The average observation period 
was 10.0 weeks. (iii) A bladder neck ob-
struction (BNO group) was made in 7 
female dogs. The bladder was exposed 
through an abdominal incision. About 2 em 
below the bladder neck, several stitches 
were sewn around the urethra with 00 silk 
thread. Similar stitches were made 1 em 
proximally to the previous one. These 
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Table 1. Schematic presentation of procedure for determination of collagen 
content. HOP stands for I-hydroxyproline (British Drug House Ltd). 
Whole bladder homogenized in normal salin:e with blender. 
[
3 to 5 times-'> Centrifugation, 5 min at 5,000 RPM 
Precipitate Supernatant discarded* j Lipid extracted by agitation and filtration (i) 1: 3 of methanol and chloroform, 3 to 4 times (ii) anhydrous ether, 3 to 4 times 
Precipitate 
L Drying, 22 hours at 120°C 
100 mg specimen into 15 ml 0.1 N NaOH 
Placed in boiling water, 2 to 3 hours, then cooled 
Centrifugation, 3 min at 1,500 RPM 
Supernatant Precipitate discarded** 
~ 
0.75 ml of supernatant (5.0 mg specimen) 
~ 
Hydrolysis of protein 
1
5 ml 6N HCI 
Autoclave, 22 hours at 120'C 
Cooled and pH adjusted to 8.3 to 8.5 with KOH 
Filtration 




( 0.5ml + ) 2 3.5 ml HzO x ( 0.25ml + ) 2 .3.75 ml HzO x 
1 I 
I 
(t~oml) x 3 (~Or ~lmcg) x 2 (~Or ~~ meg) x 2 (~Or ~r meg) x 2 ~ l~ ____ H_z_O_L-I __ -r __ H_zO __ IL-_______ H_~~1 
Approx. 4 g KCI 
Blank, pH adjusted to 
8.3 to 8.5 
0.5 mllO % dl-alanine sol (pH 8.7) 
1.0 ml potassium borate buffer (pH 8.7) 
Agitation 25 min 
Oxidation of HOP into pyrrole-2-carboxylic acid 
1.0 ml 0.2 M chloramine T sol 
Agitation 25 min 
3.0 ml 3.6 M sodium thiosulfate and quickly mixed 
-5.0 ml toluene 
Agitation 5 min 
Centrifugation, 3 min at 1,500 RPM 
1-----,----;. Toluene layer discarded 
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I 5.0 ml toluene Agitation 5 min Centrifugation, 3 min at 1,500 RPM 
2.5 ml of toluene placed in a tube 
f-------- The rest discarded 
Ehrlich's reagent 1.0 ml mixed quickly 
Chromophore formed 
t Stand in room temperature 30 min 
Read absorbance at 560 IDp in a spectrophotometer 
Table 2. The overall results are demonstrated for both normal and pathological groups. 
Numbers in parentheses indicate standard deviation. Statistic significance was 
studied compared to the normal group (Student's t-test). 
Dog A B Bladder Specific 
group Weight Gravity of (Mean) Bladder 
Normal 16.5 g 1.03 (N=20) (0.06) 
NB 40.3 g 1.06 (N=8) (0.02) 
STS 20.6 g 1.04 (N=5) (0.02) 
BNO 22.6 g 1.06 (N=7) (0.01) 
* Body weight measured on the day of operation. 
sutures were tied reasonably tightly around 
an angiocatheter (8.5 Fr) or a urethral sound 
(10 to 14 Fr) placed in the urethra (Mean 
= 10.6 Fr). Average observation period 
was 12.3 weeks. During the post-operative 
period, no special care was taken except 
for the immediate antibiotics administra-
tion. 
(2) Biochemical analysis of collagen. 
The whole urinary bladder was resected 
and trimmed 1 cm below the ureteral ori-
fices. After the fat was removed from the 
bladder surface, its weight and volume, 
by means of the water displacement me-
thod, were measured and the specimen was 
stored in a freezer at -15cC until the 
analysis was performed. The whole speci-
men was homogenized, and then fat and 
other substances soluble in physiological 
saline were extracted, i. e. (i) mixing with 
normal saline and centrifuged at 5,000 rpm 
for 5 min, (ii) agitation and filtration of 
precipitate with mixture of methanol and 
chloroform (1 : 3) and then with anhydrous 
ether. The obtained solid specimen was 
C D E 
Body Collagen in Ratio of 
Weight dried fat-free AjC 
(Mean) specimen (gjkg) 
21.2 kg 30.2% 0.78 (5.1) (0.30) 
42.6% 1.88 
20.4 kg* (4.1) (0.74) 
P<O.Ol P<O.Ol 
50.8% 1.12 
18.5 kg* (11.5) (0.12) 
P<0.02 P<O.Ol 
33.6% 1.10 
20.7 kg* (8.0) (0.39) 
P>0.05 P>0.05 
dried at 120c C for 22 hours. The succeed-
ing procedures followed the method re-
ported by Ki virikko et al.6l. The prin-
ciple of this method is to assay, by the 
colorimetric method, the hydroxyproline 
amount, which is specifically contained in 
collagen (Table 1). Elastin is found 1 to 
2% in dried fat-free bladder specimen?). 
Since hydroxyproline is contained 1.5 to 
2.3% in elastin, which is resistant to solu-
tion of 0.1 N NaOH, elastin is excluded in 
the procedure marked with two asterisks 
in Table 18). Hydroxyproline is known 
to consist of 13.5% of collagen in mam-
malian organs9). Then the percentage 
of collagen present in the dried fat-free 
specimen can be calculated as follows8), 
Hydroxyproline (mcg) in 1 ml hydrolysate 
Tissue (mcg) in 1 ml hydrolysate 
x ;~.~ x 100(%) 
(3) Ratio of bladder weight to body weight. 
The weight and volume of the wet whole 
bladder were previously measured. Sub-
sequently, the specific gravity can be ob-
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tained. The normal ratio was established 
in 18 female dogs, sacrificed for the another 
experimental purpose. Dogs of NB group 
lost weight during the observation period, 
while the others gained weight. The uri-
nary infection seemed to be the prime reason 
for the former. Consequently the body 
weight measured on the day of operation 
was used to calculate this ratio in these 3 
groups. 
RESULTS 
Table 2 summarizes the results. Col-
lagen was found to consist of 30.2% in the 
dried fat-free specimen of the normal blad-
der tissue. This value increased signifi-
cantly in NB and STS groups. However, 
in the BNO group the significant difference 
was not observed (P>0.05) with Student's 
t-test. The ratio of bladder weight to body 
weight was also elevated in the former, 
but the increase in the latter was similarly 
not significant. The specific gravity be-
came larger in all 3 groups as compared 
to the normal, which suggested that an 
edematous change was not present. 
DISCUSSION 
Figure 1 schematically demonstrates the 
result of Table 2. It is clearly shown that 
the bladder has become extremely enlarged 
and that collagen component has occupied 
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Fig. 1. The ratio of wet bladder weight to body 
weight is schematically illustrated with 
a length of bar graph. The inside of 
bar graph demonstrates the proportion 
of smooth muscle and collagen where 
non-protein component was not taken 
into account, i. e. dried fat-free speci-
men. 
NB group. The enlarged bladder wall is 
caused by increase in amount of both col-
lagen and smooth muscle, not by the edema-
tous change. In BNO group, it is likely 
that a much longer duration and/or a smaller 
urethral caliber is necessary so as to induce 
a similar change found in NB and STS 
groups. 
Bradley and his associates2), with a 
different biochemical technique, found an 
average of 17.3% of collagen in 5 normal 
dog bladders, which is much less than that 
observed here, 30.2%. The differing sensi-
tivity of the technique and/or the loss of 
globular protein during our first stage of 
purifying procedure of bladder (one asterisk 
in Table 1) might account for this dis-
crepancy. In 7 dog bladders with a sclero-
sing agent, they observed an increased value 
of an average of 43.7%, in good accord with 
the present study. 
The ratio of wet bladder weight to body 
weight was found to be 0.78 g/kg in the 
normal dog, confirming the value of O.84g/ 
kg (24 dogs) as reported by Veenema et 
aLIO). They, however, did not observe an 
increase in this ratio with 7 dogs which 
underwent a sacral neurectomy. The shorter 
observation period of their experiment, only 
2.5 weeks, seems to be responsible. We 
found this ratio surprisingly elevated in NB 
group, being 2.4 times as high as the normal 
control. 
Collagen fiber has a higher elastic modu-
lus, 1.3 x 109 dynes/cm2, than that of smooth 
muscle, 6 x 104 dynes/ cm2 11). The in-
creased collagen component renders the 
urinary bladder less elastic and contracted, 
subsequently bladder capacity becomes smal-
ler. When a cystometric study is performed 
on this type of bladder, the curve has shown 
the loss of flat portion, showing a steep up-
ward climb5). Tha t is, the bladder wall 
has become hypertonic. It is conceivable 
that the same process could happen sooner 
or later in the clinical subject, implying 
the importance of early management of blad-
der hygiene for neurogenic bladder dysfunc-
tion, chronic infection and overdistended 
bladder. 
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SUMMARY 
The collagen content of bladder and the 
ratio of bladder weight to body weightwere 
studied in the dog. Three pathologic models 
were experimental1y formed. In the normal 
dog， 30.2箔 ofdried fat-free bladder wall 
accounted for col1agen and the ratio of weight 
was found to be 0.78 g/kg. In neurogenic 
dysfunction and sc1erosis groups， increase in 
col1agen content and elevation of ratio of 
weight were significantly observed. 
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Jacques G. Susset 
く和文要約>
勝脱壁を形成する固形成分の大部分はコラーゲンと
平滑筋であり，これらの比率は勝目光機能を左右する重
要な役割をになっている.今回われわれはコラーゲン
成分の比率，および体重に対するなまの跨脱重量との
比について，イヌで実験をおこなった.コラーゲンは
特異的に含まれるハイドロオキシプロリン量を生化学
的に測定し，乾燥脱脂された跨脱組織中の比率を推定
した.
正常犬の図形成分ではコラーゲンが30.2%を占め，
残り69目8%はほとんど平滑筋により構成されている.
重量比は 0.78gjkgと判明した.
つぎの3群の腸脱モテ、ルを実験のために製作した.
すなわち a)神経因性跨脱， b)薬剤により硬化させ
たW)'jJl)lt壁， c)勝脱頚部を狭窄させたl努脱の三つで、あ
る a b群ではコラーゲンの比率は増加し，重量比
も上昇した c群ではいずれも有意の差が認められな
かった.
線維成分の増加は跨抗容量を減少させ，跨脱壁の弾
力性を喪失せしめる 上記所見は慢性房脱疾患におけ
る早期治療および管理の重要性を示唆するものといえ
よう
(1973年4月20日受付〉
